Although they occurred after initial WNV detections in mosquitoes, in total, 21 seroconversions in sentinel chickens were detected during the study.
By 2002, 3 yr after the Þrst case in New York state, West Nile virus (family Flaviviridae, genus Flavivirus, WNV) had been detected as far as the west coast of the United States (CDC 2006) . Early surveillance studies conducted to ascertain the ecology of the virus provided incriminating evidence that Culex spp. mosquitoes, in particular Culex pipiens L., played a primary role as a vector of WNV (Andreadis et al. 2001 , White et al. 2001 . Similar Þndings from studies conducted in Florida (Blackmore et al. 2003) and California (Reisen et al. 2004 ) implicated two additional Culex spp., Culex quinquefasciatus Say and Culex tarsalis Coquillett, respectively, as likely vectors in those regions.
In New Mexico, WNV was Þrst detected in 2002 with clinical symptoms observed in horses (New Mexico State Department of Health 2006). In 2003, mosquito surveillance was conducted in 17 New Mexico counties (Ettestad et al. 2004 ) and 79 mosquito, 202 human, and Ͼ400 horse infections were detected. Concurrent surveillance of the New Mexico Rio Grande valley spanning the length of the state found Cx. tarsalis, Culex salinarius Coquillett, and Cx. quinquefasciatus frequently infected (DiMenna et al. 2006 ). Although the studies assessed mosquito populations in both urban and rural settings, they alluded to the many habitat types found in New Mexico, and the need for further research of those areas. Subsequent, surveillance conducted in the urban areas of Albuquerque, NM, by DiMenna et al. (2007) also implicated Cx. tarsalis, Cx. salinarius, and Cx. quinquefasciatus; however, lower infection rates in Cx. tarsalis contradicted previous Þndings.
In 2004 and 2005 , surveillance more closely assessed the comparative WNV infection rates of mosquitoes in Doñ a Ana County, NM. The primary goal was to determine spatial variation in the comparative roles of the potential WNV vectors found in varying habitats. Although a previous study had included two sites in the county along the Rio Grande valley and identiÞed three potential vectors in the state (DiMenna et al. 2006) , mosquito species composition was likely to differ regionally and because of habitat. Surveillance for WNV included monitoring the abundance and infection rates in host-seeking and gravid female mosquitoes, and seroconversions in sentinel chickens. (Newhouse et al. 1966) were placed at each of 12 sites throughout Doñ a Ana County (Fig.  1 ). Traps were spaced at least 50 m apart to minimize trap competition. Four CDC gravid traps (model 1712, John Hock Company) baited with an alfalfa hay infusion (Reiter 1983) were rotated among the 12 sites, so that each site was sampled every fourth week. The hay infusion consisted of 0.45 kg of alfalfa hay, 0.45 kg of fresh grass clippings, 5.0 g of brewers yeast, and 150 liters of water prepared at least 1 wk before use to allow adequate fermentation.
Materials and Methods

Mosquito
Traps were set in the late afternoon and retrieved the following morning. Mosquitoes were transported to the New Mexico State University Veterinary Entomology Research Laboratory where they were chilled at Ϫ20ЊC for immediate identiÞcation, or stored at Ϫ80ЊC. Mosquitoes were enumerated to species using Darsie and Ward (1981) ; pooled according to species, trap, date, location; and stored at Ϫ80ЊC until tested by reverse transcription-polymerase chain reaction (RT-PCR). Pool size varied from 1 to 50.
Trapping Locations. Four habitat types were represented within the 12 trapping locations: urban, semiarid, riparian, and agricultural ( Fig. 1) . Sites 1Ð3 were urban habitat sites located throughout the city of Las Cruces. In general, all sites could be characterized as having landscape vegetation common to residential areas. Sites 4 Ð 6 were in the semiarid habitat characterized as desert rangeland pasture having the capacity to collect ßoodwater during rains. Cattle were present at sites 4 and 5 but absent from site 6. Although all three sites contained vegetation common to desert rangeland areas, such as mesquite (Prosopis spp.) and creosote, Larrea tridentate (DC) Coville, native grasses such as blue grama, Bouteloua gracillis (Willd. ex Kunth) Lag. ex GrifÞths, were absent at site 4. Sites 7Ð9 were sites located along the Rio Grande River, containing riparian vegetation such as cattail (Typha spp.) and salt cedar (Tamarix spp.). With the exception of two large retention ponds at site 9, all three sites were similar. Sites 10 Ð12 were in irrigated agricultural habitats with row crops and pecan [Carya illinoinensis (Wangenh.) K.Koch] orchards.
Virus Detection. Each pool of mosquitoes was placed in 1.0 ml of BA-1 diluent buffer and vortexed with copper BBs for 1 min. RNA was extracted using the QIAamp viral RNA mini-kit (QIAGEN, Valencia, CA), as per manufacturerÕs instructions. RNA was stored at Ϫ80ЊC until RT-PCR reaction was conducted using the OneStep RT-PCR kit (QIAGEN) as per the included instructions. In brief, each 50-l reaction contained 50 pmol each of WNV 233 and WNV 640c November 2009 PITZER ET AL.: NEW MEXICO WEST NILE VIRUS VECTORSprimers (Lanciotti et al. 2000) and 10 l of RNA. The cycling conditions used for RT-PCR were as follows: reverse transcription for 30 min at 50ЊC, initial PCR activation step for 15 min at 95ЊC, followed by 32 cycles consisting of 94ЊC for 30 s, 59.5ЊC for 30 s, and 72ЊC for 1 min. A Þnal extension was conducted for 3 min at 72ЊC (Lanciotti et al. 2000) .
RT-PCR amplicons were identiÞed by gel electrophoresis and ethidium bromide staining for visualization (Bioline USA Inc., Taunton, MA.). The RNA of suspected positives was conÞrmed by a second RT-PCR procedure by using WNV 9483 and WNV 9794 primers (Weingartl et al. 2004) .
The infection rate, calculated as the bias-corrected maximum likelihood estimate (MLE) per 1,000 mosquitoes (with accompanying 95% conÞ-dence intervals), was calculated using Excel (Microsoft, Remond, WA) version 3.0 add-in developed by Biggerstaff (2009) .
Sentinel Chickens. To monitor enzootic transmission, two White Leghorn pullets (Gallus gallus) from McAnally Enterprises, Inc. (Berino, NM) were housed at four of the 12 sites representing each of four habitat types and fed Purina Mills Layena SunFresh Recipe pellet (90%), Purina Mills Scratch Grains SunFresh Grains (10%) diet, and water ad libitum. Cages were placed 50 m from traps to prevent competition. All birds entering the Þeld were prebled to ensure they had not been exposed previously. Sentinel chickens were housed in a 0.9-by 0.9-by 0.6-m enclosure constructed of 2.5-cm steel tubing, covered with expanded metal screening (mesh size, 2.5 by 1.2 cm).
Each week, 1.0 Ϯ 0.2-ml blood samples were collected by brachial venipuncture. Blood serum samples were analyzed using an enzyme-linked immunosorbent assay (Vuong 2006) . Any birds testing positive for WNV-speciÞc antibodies were promptly removed from the Þeld and replaced with a seronegative bird. The use of chickens in this project was approved by the Institutional Animal Care and Use Committee (protocol 2003-017) at New Mexico State University. 2004 and 2005, 115,797 female mosquitoes were collected and tested by RT-PCR, from which 152 pools were positive for WNV (Table 1) . Positive pools were collected from 13 mosquito species representing six genera. Because they accounted for most WNV detections (86%), the MLE was calculated for Cx. tarsalis, Cx. quinquefasciatus, Culex erythrothorax Dyar, Aedes vexans (Meigan), and Psorophora columbiae (Dyar & Knab) (Table 2) Cx. tarsalis. Cx. tarsalis accounted for most WNV detections during this study (Fig. 3a) . Fewer positive pools were detected from this species during 2005 than in 2004; a trend also observed in the MLE (Table 2) . Cx. tarsalis was collected most frequently in riparian and agricultural sites, representing 63 and 18% of its total capture, respectively. The spatial distribution of positive pools from this species reßected collection numbers, with 51 and 24% of detections in riparian and agricultural areas, respectively. Cx. quinquefasciatus. During 2004 and 2005, 90% of all Cx. quinquefasciatus were collected in gravid traps with 64 and 27% collected in urban and agricultural sites, respectively. Positive pools from this species collected in gravid traps accounted for 79% of all gravid trap detections. However, the seasonal distributions presented for this species include only data collected from light traps (Fig. 3b) . Most WNV detections occurred in July and August, with 82% of all positive pools from this species collected in urban sites.
Results
During
Cx. erythrothorax. Positive WNV detections from Cx. erythrothorax accounted for 6% of the total positive pools during this study. Cx. erythrothorax was most often collected from riparian sites (87%), which accounted for 100% of all positive pools from this species. Although the largest collections of this species occurred in August, most positive pools were detected during July. A single detection from Cx. erythrothorax during the last week in April 2005 was the earliest occurrence of WNV for any mosquito species.
Ae. vexans. tatus trivittatus (Coquillett), and Psorophora signipennis (Coquillett) ( Table 1 ). In total, 22 WNV-positive pools were detected from these mosquito species, with 73% occurring in July and August. Positive detections also were made as early as the last week in May and as late as the last week in October.
Discussion
The seasonal abundance of mosquitoes and WNV detection during 2004 and 2005 implicated Þve species as probable vectors in Doñ a Ana County: Cx. tarsalis, Cx. quinquefasciatus, Cx. erythrothorax, Ae. vexans, and Ps. columbiae. Virus detections from these Þve species followed peaks in abundance measured by respective trap collections. These Þndings are similar to those reported by Andreadis et al. (2004) , in which during a 5-yr collection period, positive pools of Cx. pipiens, Culex restuans Theobald, Cx. salinarius, Culiseta melanura (Coquillett), and Ae. vexans were detected after peak populations had occurred.
Although the time frame can vary depending on temperature, mosquitoes competent for WNV usually require 10 Ð14 d post-blood feeding before WNV can be disseminated and transmitted (Goddard et al. 2002; Turell et al. 2001a Turell et al. ,b, 2002 Reisen et al. 2006) . This is consistent with data collected by Reisen et al. (2006) for which temperatures similar to those occurring during the midsummer in the Rio Grande Valley of New Mexico required mosquitoes to complete two gonotrophic cycles before transmitting virus. Supporting evidence for this theory comes from studies using gravid traps for mosquito collections. White et al. (2001) found that although only 30% of mosquito pools were collected from gravid traps, they accounted for 56% of the total positive infections detected. Although host-seeking trap collections may contain previously blood-fed females, all those collected with gravid traps would have taken a bloodmeal several days prior, some perhaps in their second gonotrophic cycle, making them more likely to have been exposed to WNV-infected hosts. Light-trap collections during peaks in mosquito populations should consist of fewer previously blood-fed females (DiMenna et al. 2006 ) than collections in the weeks that follow. Thus, collections during this time would yield fewer WNV-positive pools. This may in part explain why most WNV positive mosquito pools in the present and other studies are detected sometime after a population peak.
Because WNV-positive pools of Cx. tarsalis were three-fold greater than those of any other species, this mosquito seems to be a primary vector in Doñ a Ana County. These Þndings are similar to those of DiMenna et al. (2006) , in which most WNV-positive pools collected from the Rio Grande valley of New Mexico were detected in Cx. tarsalis. These data are also consistent with several studies showing Cx. tarsalis to be a competent laboratory vector of WNV (Goddard et al. 2002 , Turell et al. 2002 , Reisen et al. 2005 . Data collected from a Þeld study in California by Reisen et al. (2004) indicated that this species might play a vital role in the virus transmission cycle. Similar to Reisen et al. (2004) , most WNV-positive pools of Cx. tarsalis were detected when trap collections of this species were reduced (Fig. 3a) .
Although Cx. tarsalis has been shown to feed frequently on birds as hosts, it feeds more frequently on mammals in mid-to late summer (Tempelis et al. 1967) . This is of particular importance because birds are the primary source of encephalitis viruses, including WNV. In New Mexico, Loftin et al. (1997) found that Cx. tarsalis was most often attracted to cages containing small animals, including dogs and chickens, and that engorgement rates were highest for the chicken. In eastern Colorado, it was determined that the American robin was a preferred host of Cx. tarsalis and that a shift from bird to mammal host use occurred during the late summer when the robins migrated (Kent et al. 2009 ).
Most WNV-positive pools in the current study were detected in pools of Cx. tarsalis during late July and throughout August. A concurrent study of avian community WNV seroprevelence by Vuong (2006) found the American robin to be the second most frequently antibody positive bird species. Despite different Þnd-ings by Tempelis et al. (1976) , these data were consistent with recent study of Cx. tarsalis and its preference for the American robin in Colorado (Kent et al. 2009 ). Although the host preferences of Cx. tarsalis have been assessed in New Mexico (Loftin et al. 1997) , future research should be directed toward identifying species-speciÞc blood meals of this mosquito in Doñ a Ana County.
Cx. tarsalis was the most frequently captured mosquito in riparian and agricultural areas having dispersed human populations. Therefore, the chance of WNV transmission in these areas should be minimal. However, population growth over the last decade in cities such as Las Cruces has resulted in the expansion of residences into these areas. This fact may become critically important to New Mexico mosquito control districts during future WNV transmission seasons.
Although substantially fewer WNV-positive pools were detected from Cx. quinquefasciatus, it may play a vital role in enzootic, as well as epizootic activity of the virus. The largest light trap collections of this species occurred between August and October during both collection years (Fig. 3b) . This is an important point for discussion as this was during a decline in Cx. tarsalis collections. Although late season shifts in hostutilization documented by others (Tempelis et al. 1967 , Kent et al. 2009 ) may implicate Cx. tarsalis as a vector of WNV to humans, it also may serve as part of an early season ampliÞcation cycle between avian hosts in New Mexico (DiMenna et al. 2006) . Although other factors were likely to play a larger role in the WNV outbreaks in California, Reisen et al. (2008) Cx. quinquefasciatus is a member of the Cx. pipiens complex, and there has been considerable interest in its preference for avian hosts. In New Mexico, Loftin et al. (1997) found that Cx. quinquefasciatus was predominantly captured in cages containing the chicken, suggesting a preference for bird hosts. More recently, the closely related Cx. pipiens has been shown to shift its feeding preference from birds to humans during the late summer in response to decreased American robin populations (Kilpatrick et al. 2006) . This is similar to the Þndings of Molaei et al. (2007) in Harris County, TX, where Cx. quinquefasciatus shifted its feeding behavior from avian hosts to mammals during the late summer.
In the current study, Cx. quinquefasciatus was predominantly collected in urban locales, and most often with gravid traps. This is similar to Þndings by Meyer (1991) , in which gravid traps were more effective than CO 2 -baited traps for sampling Cx. quinquefasciatus in densely populated areas. Furthermore, most WNV detections in this species coincided with the highest incidence of virus infectivity in humans (CDC 2006) . Their abundance within urbanized locales, coupled with a preference for bird and mammal hosts, makes Cx. quinquefasciatus a potentially important enzootic vector, as well as a bridge vector to humans. Although Cx. tarsalis may play the primary role in maintenance of the WNV cycle in other semiarid habitats in New Mexico, Cx. quinquefasciatus may be responsible for most WNV transmission in urbanized areas.
Although they should be considered probable vectors of WNV in Doñ a Ana County, considerably fewer positive pools were collected from Cx. erythrothorax, Ae. vexans, and Ps. columbiae. The host preference of Cx. erythrothorax has been shown to vary from mammals to birds according to location (Tempelis 1975 ). In the current study, Cx. erythrothorax was most often collected in riparian areas and therefore may be a potential vector in these locales. It is also interesting to note that the earliest seasonal detection of WNV from any mosquito species was detected in a pool of Cx. erythrothorax during April 2005. This was before any substantial mosquito collection for that year and may be due to early season migrations of birds to riparian breeding areas. Another possible explanation for this occurrence may be vertical transmission of the virus, which has been documented under Þeld and laboratory conditions (Goddard et al. 2003) .
Mammals are the preferred hosts of Ae. vexans (Turell et al. 2001a,b; Apperson et al. 2002) and Ps. columbiae (Kuntz et al. 1982) . However, nine WNVpositive pools were detected from each of these species. The role that either species plays in WNV transmission to humans is unknown for the southwestern United States. Although Ae. vexans has been identiÞed as a competent laboratory vector for WNV, many studies have determined this species to feed almost exclusively on mammals including humans, and less frequently on birds (Turell et al. 2001a,b; Apperson et al. 2002) . This feeding behavior is supported in a bloodmeal analysis study of Ae. vexans, where 7 and 9% of engorged females contained avian and horse blood sources, respectively (Molaei and Andreadis 2006) . Furthermore, study by Loftin et al. (1997) in Bernalillo County, NM, found that a small proportion of Ae. vexans attracted to animal-baited traps, entered, and fed on those containing chickens. Although it is unlikely this species plays a major role in WNV transmission, its aggressive feeding behavior toward various hosts makes it a potential bridge vector to humans, horses, and other animals (Molaei and Andreadis 2006) .
Although little information is available as to the vector competence of Ps. columbiae, this species should remain a potential bridge-vector to humans due to the positive pools detected in the current study. Like Ae. vexans, Ps. columbiae also prefer to feed on mammals (Kuntz et al. 1982) . That WNV detections have occurred in mammal-preferring species could be due to the presence of alternate ampliÞcation hosts. Tiawsirisup et al. (2005) successfully demonstrated that cottontail rabbits could become infected with and contain viremic titers sufÞcient to infect mosquitoes. Although not substantiated in the current study, further research of small mammal populations of New Mexico semiarid landscapes could validate this occurrence. Furthermore, Ae. vexans and Ps. columbiae were captured most often in rural areas inhabited by small mammals such as the cottontail rabbit and black-tailed jackrabbit.
All 22 WNV-positive pools detected from the remaining mosquito species and seroconversions in chickens occurred at times when detections in the Þve most frequently infected mosquito species were recorded. Although their role in WNV transmission is largely unknown, positive pools from the eight remaining species (Table 1) have been detected in other parts of the United States (CDC 2006) . Seroconversions in chickens were temporally behind initial WNV detections from mosquito pools. Others have reported a similar lag in WNV-speciÞc antibody detections in chickens in the United States. Blackmore et al. (2003) reported that, on average, detections in sentinel chickens lagged 8 wk behind reports in wild birds and horses. Therefore, the usefulness of sentinel birds as an early warning system for virus activity seems limited.
The transmission cycle of WNV in Doñ a County, NM, involves numerous mosquito species. This study provides a baseline for future studies that should include identiÞcation of preferred avian and perhaps mammal hosts for the Þve most commonly infected mosquito species. Locations where the distributions of these hosts and mosquito species overlap could identify foci for epizootic human transmission.
